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INTRODUCTLION

A determination of autopilot system stability including the effects of
actuator compliance cross-coupling requires a threc-axis study. Howvever,
due to the complexity of the problem, no mathematical model has been
developsd at present, This study has gone into the enalysis of the small
amolitude, linear, single-plane model of the compliance which can be
incorporsted in future Apollo control system simulations vhen applicable,

The immediste objectives of the study were to: (1) determine the tra
function and frequency response characher SPS e
a

' O

fetics of the SPS with and wiv
complisnce using the math model of the

stebility gain and phase margin of lhe

SYSTEM

A bPlock diagrana of tha SPS without complisnce i shown in figure 1 and
figure 4 is “the complete autopilolt systen, including the SPS actuator

coinpliance math model snalyzed in this study. Figure 2 shows the
simplified diagram of the yaw actvator from which the compliance math
model was derived, and figure 3 is the general CSM configuration with the
primary parameters of interest in this study. Note that a change in
actuator lcpbth causes the engine and gimbal assembly to rotate about the
body mount bearing. Also, the snubber stifiness showm in figure 2 is not
accounted for in the equations since its effect is only seen when the
actvator is at the limit of itls travel.

RESULTS
An analysis of the frequoncy response of the rate and positicn loops of
the SPS without actustor COmplldUup indicates a phase mzrgin of about
70 degrees end a gein margin of sbout 32 db for the reie loop end a phase

marglr of about 60 degrees and a gain mawpin ol about 12.5 db for the
po sition loop., Fre 2UENCY TeSponses the opel end closed loops of the
SPS are contained in figures 5 thy ough 8.
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The open loop frequency response (figure 12) and Nyquist plot (figure 13)
of the rate loop indicate the loop to have a phaue margin of about

70 degrees and a gain margin of about 20 db. The closed loop response
of the rate loop is shown in the Bode plot of figure 14. Figure 15

and 16, the open loop frequency resporse and Nyquist plot of the SPS
position loop, respectively, show the loop to have a phase margin of
about 60 degrecs and a gain margin of 12.5 db. The frequency plot of
figure 17 represents the closed loop position response,

£dding the vehicle sttitude and altitude rate 109p° to the SPS
and substituting pa I"“Oter for the fﬁﬁ vith ouve ovarter Tuel -

tha SC8 bloek dngLbu £ figure 19. Zp .ﬂgged Ioop freguency
responses of the 505 (ﬁuhuleOb) rvate & pOSLLﬁnz loops are shohn in

figures 20 to 23, The open Joop recpuas
indicates the phase nmargin to be abuut ‘
of eboul 17 db., The open Joop re
ghows a phasge ns £ about 55

and the gain margin
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-

It should be noted that 360 degrees is the initiel zero point on the phese
plots of the frequency response., To make these plots, the logic of the
computer notes only four quadrants ard there are no negative angles. To
find phase lag, subtract the plot rezding from 360 degrees making note

of the number of cycles the response hazs already been through.

CONCILUDII", RIMARKS

The frequency response characteristics of the 8PS and SCS determined using
the model defined herein show this lirnear, single-plane system to be stable
in the presence of SPS actustor compllance and to possess adequate gain and
phase mergins, Future studies of the acltvator complisnce effects are plarned
and will be specified in forthcoming presimulation reports. The studies
will inves tlgate (1) the effect of z-iuztor corpliance on the autopilot in
the presence of system nonlinearvitie:, body benalng, nd propellant slosh;
(2) the effect of actuator mount stjﬁfness on the autoleot, and (3) the
effect of actuator compliance on Apcllo Block T SCS small signal stability.
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- Letuation SYyS8UEh rave

SYET,

Engine thrust; lbs

. R . , ; 2
Moment of inertia of system sbout c.nm,; lb--ft-~scc

Moment of inertia of bull gear and clutch reflected to
bull gear; 1b—~ft-—sec2

Nozzle moment of inertia aboul engine c.m.; lb—ft—sec2
Actuator arm stiffness; 1b/ft

Forward loop gain constant; N.D.

Gimoal stiffness; 1b/ft

Letuztor mount stivfneses

Letuator servo amplifier gaing emp/rad

Cluteh gaing fi-1b/emp

D AN
reetonel

Letuation system nozzle position feedback gain constant;
N.D.

SCS rate gyro feedback gain constant; rad/rad/sec
SCS attitude gain constant; N.D.
Ingine mass; slugs

,

Pitch of screw jack; rad/ft

Total demping of actuator lumped at tachometer,
reflected to engine; 1lb-sec/Tt
Actuator lever arm; ft

. . -1
LaPlacian operator; "sec "




SYMEQL, DFFINITION (Continued)

T -~ Cluten torgue; £t-1b

X, - Actuator nount deflection: U
2 7

“ - Ginbal posivion; rad

< ~ Ginbal pogition commend; rad

OC

L

- Pickoff position; radians of gimbal deflecction

S,T ~ Tachometer position; rad

r ~ Attitude position; rad

T - T/RZNZJa |

In addition, a dol over a symbol represents a time rate of change of

that variable
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CSM Configuration
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Frequency response, SPS rate loop open, w/o
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Frequency res;qnse, SPS position locp open

w/o compliance (£p/ 6z )

Frequency
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Frequency response, SPS poaitlon loop closed,
w/o compliance (" p/ to)

Gimbal-octuator dynamics
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Service Fropulsion Actuztion Systenm

~—r

Frequency response, SPS rate loop open (STR/G

Frequency response, SPS rate loop open, Nyquist

plot (&6 p/€)
Frequency regponse, SPS ralte loop closed (¢R/S2)
Frequency response, SPS position loop open (s F/Zb:

Frequepcy reojonse, SPS position loop open, Nyquist
plot (¢ 5

<
Frequency response, SPS position loop closed ( &p/2o)
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Stabilizmation & Gontrol Systen

Frequency response, atbtitude rate loop open

(“r/%2c)

Frequency response, attitude rets loop closed
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Frequency response, attitude position loop open

(-5/ %)

Frequency response, attitude position loop closed
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